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^ (54) Title: POLYMERIC BIOMATERL\LS CONTAINING SBLSESQUDCANE MONOMERS 

^ (57) Abstract: The invention provides a biocompatible copolymer produced by polymerizing a mixture comprising at least one 
monomer selected ftom the group consisting of itaconates, (meth)actylates, fumarates and styrenics, at least one ethylenically un- 
saturated oiganosiloxane monomer and at least one monomer comprising a POSS compound. 



BEST AVAILABLE COPY 



POLYMERIC BIOMATERIALS 
CONTAINING SILSESQUIOXANE MONOMERS 



BACKGROUND OF THE INVENTION 

This invention relates to improved copolymers useful as biocompatible materials. 
Specifically, this invention relates to copolymers usefiil as ophthalmic lenses, for 
example, contact lenses. 

Early hard contact lenses were produced from polymethyl methacrylate (PMMA) 
or cellulose acetate butyrate (CAB). Rigid, gas permeable (RGP) contact lenses fomed 
of silicone-containing copolymers offered various advantages over PMMA and CAB 
lenses Q)articularly increased oxygen permeability). Another example of an RGP 
material is a copolymer comprising a silicone-containing monomer and mefliyl 
methacrylate. 

A newer class of copolymers for silicone-containing RGP lenses is itaconate ester 
copolymers. U.S. PaL Nos. 4J5Z508 (ElUs et al.), 4^30,383 (EUis et al.) and 4,826,889 
(Ellis et al.) disclose copolymers for contact lenses prepared from: a monofimctional 
siloxanyl ester monomer; an itaconate esteq an ester of a monohydric or polyhydiic 
alkanol or phenol and a (mefli)acrylic acid; a crosslinldng agent; and preferably a 
hydrophilic monomer. 

Known copolymers for RGP lenses also include copolymers of fluoiinated itaconate 
esters, such as the copolymers disclosed in U.S. PaL Nos. 4,686,267 (Ellis et al.) and 
4,996,275 (Ellis et aL), which are pr^ared from a fluoiinated itaconate ester and an 
etiiylenically unsaturated oiganosiloxane. 

Other examples of itaconate ester copolymers for RGP lenses are disclosed in the 
following U.S. Pat Nos. 4,602,074 (Mizutani et al.); 4,508,884 (Wittmann et al.); 
4,743,667 (Mizutani et al.); 4,826,936 (ElKs); and 4,861,850 (Novicky). 

As disclosed in U.S. Pat No. 4,152,508, the itaconate ester provides rigidity. 



hardness and some degree of wettability to the resultant copolymer. But the inclusion of 
an itaconate ester tends to make the resultant copolymers more brittle. This illustrates a 
major challenge in the development of new ophthalmic lens materials: that adding a 
given monomer to a polymer mix with the goal of attaining a particular characteristic 
may inherently include other less desirable characteristics* For example, silicone- 
containing monomers may desirably contribute rigidity, while undesirably decreasing 
toughness. 

Certain multifunctional organosiloxanes have been described as useful for adding 
higher impact strength and reducing brittleness of itaconate RGP copolymers. U.S. Pat. 
No. 4,826,936 describes a class of multifunctional organosiloxanes having such 
properties. 

Silsesquioxane macromers are silicon-containing cage molecules based upon the 
structure of oxygen and silicon tetrahedrons. Silsesquioxane macromers can be 
polymerized to produce heat-resistant materials such as high-temperature plastics. 
Examples of silsesquioxane-containing materials are disclosed in U.S. Patents 5,412,053; 
5,484,867; and 5,589,562 (all to Lichtenhan et al.). While bully materials containing 
silicon and oxygen have been of interest to improve the oxygen permeability of 
biocompatible materials such as contact lens materials, those materials are markedly 
different than the heat-resistant materials that are the subject of ongoing research relating 
to silsesquixane macromers. 

Thus it would be desirable to improve the oxygen permeability of biocompatible 
materials without sacrificing other essential properties. In particular, it would also be 
desirable to provide a biocompatible material that is optically clear, and also has 
excellent machinability and toughness. 
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^ SUMMARY OF THE DWENtW^ 

The present invention relates to silsesquioxane-containing copolymers tiiat are useful 
as biocompatible materials. The copolymers of the invention are the polymerization 
product of a mixture comprising: 

(a) a monomer selected Scorn the group consisting of itaconates, (meth)aciylates, 
fumarates and styrenes; 

(b) an ethylenically unsaturated organosiloxane monomen and 

(c) a POSS compound containing at least one substituent group comprising a 
polymerizable activated unsaturated group. 

The monomers useful for polymerizing with POSS compounds in accordance with 
the invention include any ethylenically unsaturated monomer, for example, alkyl 
methacrylates such as methyl methaoylate and neopentyl methacrylate» as wdil as 
aromatic metharaylates such as benzyl methacrylate. 

Halogenated methacrylates and itaconates are also useful monomers in the present 
invention. Examples include fluoroall^rl methacrylates such as hexafluoroisopiopyl 
methaciylate and trifluoroethyl methacrylate» and halogenated itaconates such as bis 
(l,l,l,3,3,3-hexafluaro-2-propyl) itaconate. 

Aromatic ring compounds may also be useful as monomers in the present invention. 
Examples of suitable aromatic monomers include alkyl substituted styrenes such as t- 
butyl styrme. Other useful monomers include vinyl Idctams and n-vinyl pyrrolidone. 

Hydrophilic monomers such as (meth)acrylic acid and (meth) acrylamides such a 
N^-dimethylacrylamide are also useful in the inventioiL 

Monomers useful in the present invention may also contain two or more functional 
groups of the type listed above. 
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DETAILED DESCRIPTION OF THE 




ON 



The materials of the present mvention contain functionalized monomers based upon 
sUsesquioxane CTOSS'*) compoimds. The POSS compomids useful as monomers in 
accordance with the invention can be produced by general mettiods known in the art, 
such as the methods disclosed in U.S. Pat Nos. 5,412,053; 5,484,867; and 5,589,562 (all 
to lichtenhan et al.). 

The general cage structure of one example of a silsesquioxane-based monomeric unit 
is shown below as Structure (Q. 



each Y is independently an activated unsaturated radical; and 

each R is independently selected fiom the group consisting of a C,-Ci2 monovalent 
hydrocarbon radical, a C|-C|2 monovalent hydrocarbon radical containing etha 
linkages, a halogen-substituted CpCjj monovalent hydrocarbon radical, and a 
halogen-substituted C1-C12 monovalent hydrocarbon radical containing ether 
linkages. 

Silsesquioxane-based polymers useful in the present invention may have smaller or large 
cage sizes than the structure shown above, and may also comprise closed or open cage 
structures. 




0) 



whexdn: 
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The silsesquioxane-based polymers usefiil in the invention must contain at least 
one polymerizable site, preferably an ethylenically imsatmrated site. Structures (S) and 
(m) illustrate examples of suitable closed-cage monomers. Structure m represents a 
preferred monomer. 



O 




The polymers of the inv^tion may further include one or more open-cage monomers as 
shown below by Stmcture (IV). 
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(IV) 



The term '^polyhedral oligomeric silsesquioxane" or 'TOSS** as used herein describes 
a type of three-dimensional siloxane molecule in which at least two siloxane rings form a 
rigid molecular structure* Both open-cage and closed cage POSS monomers are useful 
in the present invention. 

The term ^'closed-cage POSS monom^* means a polyhedral oligomeric 
silsesquioxane monomer in which each ring-member silicon atom is linked to three other 
ring-member silicon atoms through oxygen atoms. 

The term "open-cage POSS monomer'* means a polyhedral oligomeric silsesquioxane 
monomer in ^v^ch at leaist two silicon atoms are each linked to no more than two other 
ring-member silicon atoms tim>ugh oxygen atoms. 

The polymers of the invention may optionally contain a hydrophilic monomer. 

The materials of the invention are biocompatible. The materials are particularly 
useful as rigid gas permeable (RGP) contact lens materials due to dieir improved 
toughness, oxygen permeability and flexure resistance. 

In accordance with the invention, it has been found that POSS compounds are 
especially effective in improving the oxygen permeability and flexure resistance of 
biocompatible polymeric materials. 
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Polysilsesquioxanes (POSS materials) are represented by the formula [RSiO, 
where 31 = molar degree of polymerization and R = organic substituent (H^ siloxy, cyclic 
or linear aliphatic or aromatic groups that may additionally contain reactive 
functionalities such as alcohols, esters, amines, ketones, olefins, ethers or halides). 
Polysilsesquioxanes may be either homoleptic or heteroleptic. Homoleptic systems 
contain only one type of R group while heteroleptic systems contain more than one type 
of R groxq). 

POSS and POS nanostructure compositions are represented by the formula: 
[0E^iOi3)Jxi» for homoleptic compositions; 

[(RSiOi^^(R'SiO,^) Jju* for heteroleptic compositions (where R RO; and 

[(RSiO,.5)^(RXSiOi^j3u, for functionaUzed heteroleptic compositions (where R groups 
can be equivalent or inequivalent). 

In all of fliese formulae, R is flie same as defined above for Structure (I) and X 
includes but is not limited to OH, a, Br, I, alkoxide (OR), acetate (OOCR), peroxide 
(OOR), amine (NR2)isocyanate(NCO), and R. The symbols m and n refer to the 
stoichiometty of die composition. Hie symbol X indicates that the composition forms a 
nanostmcture and the symbol # refers to the number of silicon atoms contained within 
the nanostructure. The value for # is usually the sum of m+n. It should be noted that X# 
is not to be confiised as a multiplier for determining stoichiometry, as it merely describes 
the overall nanostroctural characteristics of the system (also referred to as "cage size"). 

Structures (V) through (VUQ, below, illustrate examples of a POSS monomers in 
which X = 6, 8, 10 and 12, respectively. 
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[(RSiOi.5)6]X 6 [(RSiOi.5)8]X 8 [(RSiOi.5)io]X lo [(RSiOi.5)i2]X 12 




The POSS monomer is preferably employed at 5 to 60% by weight of the monomeric 



sufficient rigidity and hardness. According to preferred embodiments, the POSS 
monomer is present at 20 to 85 weight percent, with 30 to 65 weight percent being more 
preferred, in the monomeric mixture. 

The itaconates are known in the art and include compounds of structure (DQ: 



wherein X and Y, which may be the same or different, are mdependently: hydrogen; 
C,-C|8 alkyl or fluoro-substituted alkyl groiq>s; Cj-Cjg cycloalkyl or fluoro-substituted 
alkyl groups; C2-C5 alkenyl groups or fluoro-substituted alkenyl groups; phenyl groiq)s or 
fluoro-substituted phenyl groups; benzyl or fluoro-substituted benzyl groups; phenetfayl 
or fluoro-substituted phenethyl groups; or Ca-Cjs ether or fluoro-substituted ether groups; 
provided that at least one of X and Y is other than hydrogen. 

Representative meth(acryaltes) include esters of C1-C20 monohydric or polyhydric 
alkanol or phenol and (meth)acrylic add. Representative meth(acrylate) monomers 
include: alkyl (meth)acrylates, such as methyl methacrylate, ethyl methacrylate, and 
neopentyl methacrylate; cycloalkyl-containing (meth)acrylates, such as cyclohexyl 
methacrylate; and phenyl methacrylate. This (meth)acrylate may be included in the 
monomeric mixture at 0 to about 50 weight percent, more preferably at about 5 to about 
35 weight percent 



mixture from whidi the copolymer is prepared in order to provide copolymers having 



XOCO— C— CSHi— COOY 




(DQ 
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Itaconates may be used to partially or completely replace meth(acrylate) compounds 
in the present invention. Representative itaconates include methyl itaconate, dimethyl 
itaconate, phenyl itaconate, methyl phenyl itaconate, bis (l,l,l^,3,3-hexa£luoro-2- 
propyl) itaconate, bis (2,2,2-trifluoroethyl) itaconate, bis (lH,lH-perfluorooctyl) 
itaconate, bis (lH,lH,lH-per£luoroundecyl) itaconate, bis (perfluoio-t-butyl) itaconate 
bis (pentafluorophenyl) itaconate, bis (2H,2H-perfluorobenzyl) itaconate, and bis 
(pentafluorophenylmethyl) itaconate. 

Itaconates may comprise up to 60% by weight of the monomeric mixture fiom which 
the copolymer is prepared in order to provide copolymers having sufficient rigidity and 
hardness. If itaconates are included in the monomer mixture, they are typically present in 
concentrations of 20 to 55 weight percent, preferably 30 to 50 weight percent 

As recognized in the art, when an itaconate is used in place or in combination 
witii, methyl methacrylate, the resultant copolymer has increased rigidity and hardness. 
However, the inclusion of the itaconate ester also tends to make the resultant copolymer 
more brittle. RGP contact lens materials are frequently provided in the form of rods, 
buttons, or lens blanks, which are subsequently machined into contact lenses having 
desired lens surfaces. When the copolymeric material is brittle, difficulties can be 
encountered in machining such materials, such as chipping or flaking or cvca breakage of 
themateriaL 

In accordance with the invention, it has been found that POSS monomers can 
effectively toughen the resultant copolymer, thereby ov^oming the disadvantages 
attributed to the itaconate monomer. The copolymers represent improved itaconate* 
containing RGP matoials having optical clarity, reduced brittleness, and inq>roved 
toughness. Preferably, the POSS-containing polymers have a toughness of at least about 
1.2 MPa.mm/mm (as determined by ASTM D 790M-86 standards), and more preferably, 
a toughness of at least about 1.5 MPa.mm/mm. 

Multifunctional organosiloxanes have been described as useful in contact lens 
formulations, including siloxane compoimds of the general formula shown below as 
StracturepO). 
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A— R — Si- 




!i— R— A 



(XI) 



(wherehx A, R' and R generally correspond to the defbitions given for formula (JI), 



and n' has various ranges). Applicants have found that for POSS-containing contact lens 
materials, it is preferred to include an organosiloxane monomer. 

In a preferred embodiment, the organosiloxane compound has the stracture shown 
above as Structure QO), and n averages at least about 15. 

In Stracture (XI), A is an activated unsaturated radical, i.e., an unsaturated group that 
includes a substituent for facilitating free radical polymerization, preferably a vinyl- 
containing substituent Representative A radicals include (meth)acryloxy, 
(meth)acrylamido and styryl. (As used herein, the term "(mefli)" denotes optional methyl 
substitution. Thus, a term such as "(meth)acrylate" denotes "acrylate or methacrylate".) 
The methacryloxy radical is more preferred. 

Each R is independently a C1-C22 divalent hydrocarbon radicaL Representative R 
radical include alkylene radicals, and preferred radicals include methylene, propylene 
andbutylene. 

Each R is independently selected from the group consisting of a Cj-Cia monovalent 
hydrocarbon radical, a Ci*-C|2 monovalent hydrocarbon radical containing ether linkages, 
a halogen-substituted C1-C12 monovalent hydrocarbon radical, and a halogen-substituted 
C|-C|2 monovalent hydrocarbon radical containing ether linkages. Represmtative R 
radicals include alkyl, cycloalkyl, aiyl, aralkyl, alkaryl radicals, alkoxyalkyl radicals, and 
halogen-substituted derivatives thereof. Preferred radicals include CrC4 alkyl, with 
methyl being especially preferred. 

The siloxane compound is employed in an amotmt effective to reduce the brittieness 
of the resultant copolymer. Generally, the siloxane compound should be present at about 
3 to about 25 weight percent of the initial monom^c mixture, more preferably at about 5 
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to about 20 weight percent, with about 9 to about 15 wei^St percent being especially 
preferrecL One skilled in the art can readily determine optimal amounts for specific 
formulations. 



The ethylenically unsaturated organosiloxane monomer (exclusive of the POSS 
compoimd) is useful for increasing oxygen permeability of the copolymer. Preferred 
organosiloxanes are monofunctional organosiloxane containing a (meth)ac]ylate radical, 
such as tris(trimethylsiloxy)methacryloxypropylsilane, pentamethyldisiloxanylmethyl 
methacrylate, heptamefhylcyclotetrasiloxanepiopyl methacrylate, 
heptamethylcyclotetrasiloxanemethyl methacrylate and 

mefliyldi(trimethylsiloxy)methacryloxymethylsilane. Other organosiloxane monomers 
known in the art are described in U.S. Pat No. 4,686,267, the disclosure of which is 
incorporated herein by reference. The organosiloxane monomer may be included in llie 
monomeric mixture at about 2 to about 60 weight percent, more preferably at about 5 to 
about 50 weight percoit 

A hydrophilic monomer may be added to the reaction mixture for increasing 
hydrophilicity and improving wettability of the resultant copolymer. Conventional 
hydrophilic monomers include: hydrophilic (meth)acrylates, such as 2-hydroxyethyl 
methacrylate; hydrophilic (meth)acrylamides, such as methacrylamide and NJN- 
dimethylacrylamide; (meth)acrylic carboxylic acids, such as methacrylic acid; and vinyl 
lactams, such as N-vinylpyrroUdone. The hydrophilic monomer may be included in the 
monomeric mixture at about 1 to about 25 weight percent, more preferably at about 3 to 
about 15 weight percent 

Other materials known for contact lens formulations can be employed in the 
monomeric mixture firom which the itaconate copolymer is prepared. 

A (meth)acrylate monomer may be included which further modifies hardness of the 
copolymer. Such monomers are preferably an ester of a C1-C20 monohydric or polyhydric 
alkanol or phenol and (meth)acrylic acid. Rq>resentative monomers include: alkyl 
(meth)acrylates, such as methyl methacrylate, ethyl methacrylate, and neopentyl 
methacrylate; cycloalkyl-containing (meth)aciylates, such as cyclohej^l mefliacrylate; 
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aethacrvlate. This (ineth)acrylate may be included 



and phenyl methacrylate. This (ineth)acrylate may be included in the monomelic mixture 
at 0 to about 50 weight percent, more preferably at about 5 to about 35 weight percent 

A conventional non-silicone containing crosslinking agent may be employed, 
Crosslinking agents include polyfimctional derivatives of (meth)aciylic acid, 
(meth)aciylamide and otho: multi- vinyl substituted compounds. Representative 
crosslinking agents include: ethylene glycol dimethaciylate, diettiylene glycol 
dimethacrylate, trietfaylene glycol dimethaciylate, tetraethylene glycol dimethacrylate, 
neopentyl glycol dimethacrylate, trimethylolpropane trime&acrylate, hexamethylme 
bisacrylamide and divinyl benzrae. The crosslinking agent may be included in tiie 
monomeric mixture at 0 to about 20 weight percent, more preferably at about 1 to about 
10 weight percent. 

Accordingly, preferred copolymers are prepared from a monomeric mixture 
comprising: 

(a) an itaconate ester at about 0 to about 60 weight percent, preferably about 20 to 
about 55 weigiht percent; 

(b) a POSS compound Q) at about 3 to about 85 weight percent, preferably about 5 to 
about 60 weight percent, and more preferably about 10 to about 25 wd^t 
percent 

(c) a siloxane compound of formula (IT) at about 3 to about 25 weight percent, 
preferably about 5 to about 20 weight percent, and more preferably about 9 to 
about 15 weigiht percent; 

(d) an ethylenically xmsaturated organosiloxane monomer at about 2 to about 60 
weight percent, preferably about 5 to about 50 weight percent; 

(e) a hydrophilic monomer at about 1 to about 25 weight percent, preferably about 3 
to about 15 weight percent; 

(f) a (meth)acrylate monomer at 0 to about 50 weight percent, preferably about 5 to 
about 35 weight percent; and 
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(g) a crosslinking agent at 0 to about 20 weigjit percent, preferably about 1 to about 
10 weight p^ent 

Other optional components include conventional free radical initiators, which are 
generally employed at 0.01 to 2% by weight, and coloring agents. 

The monomeric mixtures can be polymerized by methods known in the art, 
preferably in the presence of heat or ultraviolet radiation, and if desired, the copolymers 
can be treated with gamma radiation to reduce any unreacted monomers. Preferably, the 
mixtures are molded in a shape which is subsequently machined into the form of a 
contact lens, such as rod stock, a lens button, or a lens blank containing one finished 
surface. Alternately, the mixtures can be molded directly in ihc form of a contact lens. 

EXAMPLES 

The following examples further illustrate preferred embodiments of the invention* 

Various copolymers were polymerized from the monomeric mixtures listed in the 
followrag tables, wherein the amounts of the individual components are given m parts by 
weight. The mixtures were placed in cylindrical tubes, and the tubes were deoxygenated 
and sealed. The mixtures were polymerized by heating in a water bath (40** C. for 3 
days), followed by heating in an oven (65** C. for 2 days). Various copolymers were 
subjected to post-polymerization treatment to reduce unreacted monomers, including 
exposure to gamma radiation in an inert atmosphere. 

Toughness and modulus were determined according to ASTM-D 790M-86 standards 
on 0.5-mm disk samples cut from the polymerized rods. Standard deviation is listed 
parenthetically in the tables. Permeability was determined on 0.5-mm disk samples in 
accordance with ANSI Z80.20 and ISO 9913-1.2:1996 'T)etennination of Oxygen 
Peraieability and Transmissibility with the FATT Method''. 

The results are siunmarized in the following tables, which include the following 
abbreviations: 
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1. POSS - (Polyhedral Oligomeric Silsesquioxane) wnere R is cyclopentyl or 
isobutyL 

2. AIBN - 2,2-azobisisobutyroiutrile (initiator). 

3. AIVN - 2^-azobisisovaleromtrile (initiator). 

4. BHI - bis(l,l,l,3,3»3-hexa£luoro-2-propyl) itaconate. 

5. MAA - metfaacrylic acid. 

6. MMA - methyl methacrylate. 

7. NPGDMA - neopentyl glycol dimethaaylate. 

8. NPMA - neopentyl methacrylate. 

9. NVP - N-vinylpyrrolidone. 

10. TRIS - tris(trimethylsiloxy)silylpropyl methacrylate. 

1 1. HFIPM - hexafluoroisopropyl methacrylate. 

12. M2D25 - Formula (I) wherein each R is methyl, each R* is butylene, each A is 
methacrylate, and n averages about 25. 
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R = cyclopentyl or butyl 

Structure Xn 
Example No. 1 



Condtutent 

MMA 23 2^ 23 

MAA 5^ 53 S3 

t-butyl styrene 38.9 38.9 38,9 

POSS (See Structure 12 where R is <^clopenty]) 2S3 19.1 9.4 

nus 0 9.4 19.1 

M,D^ 11.5 11.5 11.5 

NPGDMA 7 7 7 

NVP 6-1 ^-1 ^'1 

AIVN 0.062 0.062 0.062 

AIBN 0.19 0.19 0.19 

FD&CGREEN#6 0.00979 0.00979 0.00979 

UVAbsoibcr 0.3 0.3 03 

TOTAL 100 100 100 

Physical Properties 

Rockwell Hardness 114 113 115 

Refractive hidcx 1300 M98 1.495 

Specific Gravity 1.12 Ml 1-04 

DklSO/FATT 17 23 34 

Modulus (Mpa) 1649 1566 1177 

Toughness CMPA.iimi/imn) 3.85 3,09 3.27 
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The data summarized in the above table demonstrate that the POSS compomids of the 
invention produce optically clear materials having sufficient oxygen pmneability and 
toughness to be suitable for use as RGP contact lens materials. 

Al&ough certain preferred embodiments have been described, it is understood that 
the invention is not limited thereto and modifications and variations would be evident to 
a person of ordinary skill in the art 
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We claim: 



1. 



A biocompatible copolymer produced by polymerizing a mixture comprising: 



(a) 



at least one monomer selected ftom the groi^ consisting of itaconates, 
(meth)aciylates, fumarates and styrenics; 



(b) 



at least one monomer comprising a POSS compoimd« 



2. 



The copolyms of claim 1 further comprising an ethylenically unsaturated 



organosiloxane monomer. 

3. The biocompatible copolymer of claim 1 wherein said POSS compound has tiie 
formula: 



wherein: 

each Y is independently an activated unsaturated radical; and 

each R is independentiy selected &om the groiqi consisting of a C|-Ci2 monovalent 
hydrocarbon radical, a Ci-C^ monovalent hydrocarbon radical containing ether linkages, 
a halogen-substituted C^-Cij monovalent hydrocarbon radical, and a halogen-substituted 
Ci-C,2 monovalent hydrocarbon radical containing ether linkages. 




R 



R 
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4. The copolymer of claim 1, wherein said POSS monomer has a closed-cage 
structure. 

5. The copolymer of claim 1, wherein said POSS monomer has an open-cage 
structure. 

6. The copolymer of claim 1, further comprising 

a) the POSS monomer at about 3 to about 25 weight percrat; 

b) the ethylenically unsaturated, monofimctional organosiloxane monomer at 
about 2 to about 60 weight percent; 

c) the hydrophilic monomer at about 1 to about 25 weight percent; 

d) a hardness modifying (meth)acrylate monomer at 0 to about 50 weight 
percent; and 

e) a non-silicone containing crosslinkmg agent at 0 to about 20 weight 
percent 
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